Abstract. On the analysis of function requirements of the power parameter acquisition system during the test for intelligent low-voltage electrical apparatus, a high precision power parameter acquisition system based on LabVIEW was proposed. The hardware platform of the acquisition system was made up of industrial control computer, high precision sensors and high speed data acquisition card. According to the measuring principles and calculation methods of different power parameters, corresponding data acquisition, analysis and processing software is developed by LabVIEW software. Finally, the application example shows that the acquisition can carry out real-time and accurate acquisition and processing on related power parameters.
Introduction
Intelligent low voltage electrical apparatus are basic elements widely used in the power system, whose performance will directly affect on the security and reliable operation of the power system. According to international and domestic standards, intelligent low voltage electrical products need to be inspected before leaving the factory [1, 2] . Short of high precision and efficiency power parameter acquisition technology for intelligent low voltage products detection system directly impacts on the stability and reliability of the products, which is also the main gap existing in the low-voltage manufacturing level between our country and foreign countries at present. Power product certification authorities and producers have an urgent need to develop high precision automatic power parameter acquisition system for intelligent low-voltage electrical products test [3, 4] .
Therefore, this paper focused on the study of the high precision power parameter acquisition technology for intelligent low voltage electrical apparatus test, and designed a power parameter acquisition system based on LabVIEW, which is able to realize the accurate acquisition and analysis of the related power parameters in the process of the intelligent low voltage electrical apparatus test.
Functional Requirements
Intelligent low voltage electrical apparatus mostly have functions of the power quality monitoring and management, which could precisely measure phase current, line voltage, phase voltage, line current, active power, reactive power, apparent power, active energy, reactive energy, apparent energy, power factor and other parameters in 3 phase 3 wire or 3 phase 4 wire mode [5] . In order to realize the accurate testing of measuring function of intelligent low voltage electrical appliances, the higher accuracy is required for power parameter acquisition system of the test equipment, but also should have the following functions:
1) Implement the high precision acquisition 7 channels electrical signals of A, B, C, N phase current and A, B, C phase voltage in real-time and calculate phase voltage, phase current 2) According to the collection of the phase voltage, phase current, calculate the active power, reactive power, apparent power, active power, reactive power, apparent power, power factor and other parameters.
3) Show the real value of power parameters and curve in real time.
System Design
The power parameter acquisition system based on LabVIEW consisted of two parts, hardware and software. The hardware was mainly composed of voltage sensor, current transformer, signal conditioning module, built-in high precision data acquisition card based on PCI bus, computers, etc. Software part for data acquisition, analysis and processing was developed by graphical programming software development platform-LabVIEW 7 Express. The overall structure diagram is shown in figure 1 . 
Hardware Design

Selection of Multi Function Data Acquisition Card
High precision of power parameter acquisition is achieved by the data acquisition card, so the sampling rate, synchronous performance and compatibility with the system software of the data acquisition card is put forward very high requirements.
PCI-6133 has 8 synchronous sampling analog input channels, whose sampling rate can achieve 3 ms/s. The signal scope of the analog input channel of PCI-6133 is -10 v ~ +10 v AC or DC. And PCI-6133 can be well compatible with LabVIEW software. Integrated above factors we choose NI company production of PCI-6133 multi function data acquisition card.
Choice of Connection Mode for Data Acquisition Card
For different test signal, different connection mode is needed, which will also bring different measurement results. In order to get the correct measurement results, it requires the use of appropriate wiring mode.
NI data acquisition card provides three different connection modes: differential mode, referenced single-ended mode and no referenced single-ended mode. The advantages and disadvantages of them are as shown in table 1. Although differential mode will reduce the number of available channels, but has strong anti-interference ability, this can improve the quality of signal collection. The power parameter acquisition system requires high acquisition accuracy of current, voltage signals, so that the measured power signal should be connected in the differential mode. The wiring of differential mode is shown in figure 2 . 
Software Design
The hardware of the power parameter acquisition system is a foundation, and the design of the system software is the core of the entire data acquisition system design. The software part of the acquisition system adopts the NI company graphical programming language LabVIEW 7 Express.
Software Structure Design
The system software is mainly used to realize real-time acquisition, processing, analysis and calculation of the power parameters, during the intelligent low voltage electrical apparatus test. The software structure adopts modular structure; the realization of various different tasks is implemented by a separate module. Then the system software is made of the real-time data acquisition module, digital signal processing module, analysis module, parameter calculation module, report generation module and acquisition results display module, etc. Its overall structure block diagram is shown in figure 3 . 
Parameter Calculation Module Design
The phase voltage and phase current in the circuit can be directly acquired, but the active power, reactive power, apparent power and power factor must be calculated by the parameter calculation module parameters according to the principle of the calculation for different power parameters.
The two element method is used in 3 phase 3 wire mode system. The algorithm of active power (P), reactive power (Q) and apparent power (S) are as follows:
After dealing with the discretization is to:
The three element method is used in 3 phase 4 wire mode system. The algorithm of active power (P), reactive power (Q) and apparent power (S) are as follows:
The calculation of power factor is relatively simple, its computation formula is: 
Application Example
The front panel of the power parameter data acquisition system is shown in figure 5 , which could the following functions: 1) Realize the digital and waveform display of A,B,C,N phase current, A,B,C phase voltage, AB, BC,CA line voltage phase voltage, active power (P), reactive power (Q), apparent power (S) and frequency in real-time in the process of intelligent low voltage electrical apparatus test.
2) Set the current transformer coefficient from the front panel arbitrarily.
3) Enlarge and view the real-time and historical curve of the power parameters. 4) Save the waveform of the power parameters. 
Conclusion
A power parameters acquisition system is designed based on LabVIEW-virtual instrument technology, cooperated with multi-function data acquisition card and high precision current, voltage sensor, which could realize the high precision of data acquisition analysis, calculation and display to provide high precision test data security for the intelligent low voltage electrical apparatus test.
